The present study clearly explains the dependency of inhibitory activities in SrtA inhibitors is closely related to protein conformational changes of SrtA from Bacillus anthracis B. anthracisSortase A (SrtA) protein anchors proteins by recognizing a cell wall sorting signal containing the amino acid sequence LPXTG In order to analyze conformational changes and the role of SrtA enzyme, especially the loop motions which situated proximal to the active site molecular dynamic simulation was carried out for 100ns. Particular loop is examined for its various conformations from the MD trajectories and the open/close lid conformations are considered for the enzyme activity validations. Experimentally verified SrtA inhibitors activity was analyzed through 3D-QSAR and Molecular docking approaches.Results indicate that, biological activity of SrtA inhibitors is closely related to the closed lid conformation of SrtA from Bacillus anthracis. This work may lead to a better understanding of the mechanism of action and aid to design a novel and more potent SrtA inhibitors.
Introduction
Bacillus anthracis, a gram-positive,spore-forming bio-threat bacterium that is the etiological pathogen of the zoonotic disease anthrax.It constantly exposed to different environmental conditions in its host and strongly influencing its physiology.It is a lifethreatening infectious disease, widespread in most parts of the globe, and cases of anthrax have been reported from almost every country.Despite the emphasis on its role as an agent of bioterrorism or biological warfare, anthrax is continuing to be, an important global disease of wildlife and livestock 1 .Currently, novel approaches are required for the treatment of bacterial infections, due to continuous changes in the patterns of infectious disease and the emergence antibacterial resistant to present antibiotics. Currently, researchers are involved in finding drug targets of great interest in terms of understanding and inhibiting the infection process and these targets may have potential as targets for therapy 2 .
Surface proteins of this bacterium play an important role in host-pathogen interactions and this mechanism have attracted theresearchersin the hunt for the drug target to inhibit the pathogenic microbes. Cell wall anchoring occurs through a transpeptidation mechanism, which requires surface proteins with C-terminal sorting signals 3 . In sortase family of proteins, class A enzymes have attracted significant interest as a universal drug target of all Gram positive pathogens and the clinically important Gram positive pathogens use the Sortase A (SrtA) gene to display virulence factors. SrtA enzymes are playing a vital role incleaving the sorting signals of secreted proteins to form isopeptide (amide) bonds between the secreted proteins and peptidoglycan or polypeptides 4 . SrtAis involved in the covalent anchoring of surface protein to the cell wall peptidoglycan, or link proteins together to construct pili which promote the bacterial adhesion to host cell and tissue to acquire the essential nutrients. These enzymes are actively involved as the principal architects of the bacterial surface that makes SrtA as an attractive drug target 5 .
Recent research has came up with evidence, that virulence of gram positive pathogenic microbes lies on SrtA enzymes, and removal of SrtA gene shows lack of pathogenicity and cell wall formations 6 . This evidence has enlightened and attracted the researchers to develop the promising lead considering SrtA as a drug target. SrtA, is main focus of this study, anchors seven proteins to the cell wall by joining the threonine of the LPXTG sorting signal at the C-terminus of the protein to the amine group of meso-diaminopimelic acid (DAP) within lipid II 7 . In this mechanism, the key active site loop (β7/β8 loop) undergoes a disordered-to-ordered transition upon binding the sorting signal, potentially facilitating recognition of lipid II.Hydrophobic residues Val168 and Lue169 located in 
Materials and Methods

Ligand preparation and Pharmacophore Generation
Building the 3D-QSAR model
All the generated common pharmacophore hypotheses were used to generate atom-based 3D-QSAR models by correlating the actual and predicted activity for the set of 21 training molecules using PLS analysis. The PLS regression was carried out using PHASE with a maximum of N/3 PLS factors (N=number of ligands in the training set, and a grid spacing of 1.0 Å) and all the generated models were validated by predicting activity of 7 test set molecules 12, 13 .
External validation
In order to understand the predictive abilities of established model was evaluated to confirm the robustness by external validations 14 value should be close to 1. And the regression of y against through the origin: should be characterized by k close to 1. Slope k is calculated as follow:
The cross validated co-efficient, , was calculated using the following equation:
Where, Y predicted , Y observed and Y mean the predicted, observed, and mean values of the target property (pIC50), respectively 15 .
Applicability Domain
The applicability domain (AD) prediction was performed by using the SIMCA-P 13.0 demo version (Umetrics. 2002). The AD is the physico-chemical information based on a training set of the model and it's also applicable to make predictions for new hit compounds. By this approach, one can directly analyze the properties of distance matrix, multivariate descriptor to investigate the applicability domain of the training set. These approaches define the AD by calculating distances of a query compound from a defined point within the descriptor space of the training data 16 . This measured distance between defined point and the dataset, then compares with a pre-defined threshold. These calculations are done by feature selection and principal component analysis (PCA). The reliable prediction of the source compounds is likely to be similar to the data set and the activity prediction errors were avoided by using activity prediction applicability domain concept 17 .
Molecular Dynamics Simulation
Here, MD simulation was performed for SrtA structure and also for ligand bound SrtA structures. For the Apo structure of SrtA, the NMR structure of B. anthracisSrtA (PDB ID:
2KW8 (http://www.rcsb.org) was subjected to MD simulation for 100ns of timescale, in order to understand the nature of intra-molecular conformational changes of protein structureMD simulation is performed with GROMACS program package (http://www.gromacs.org) adopting the GROMOS96 force field parameters 18 . The structure was solvated using the SPC water model, and the solvated structure was energy minimized using steepest descent method, and it's terminated when maximum force is found in smaller than 100 kJ mol -1 nm -1 . For equilibration and production runs, the temperature was controlled through Nosé-Hoover thermostat dynamics with a damping coefficient of 2 ps −1 . The long range electrostatic interactions were computed by particle-mesh Ewald method and van der Waals (VDW) cut-off were set to 9 Å. The structure was energy minimized to eliminate bad atomic contacts and subsequently solvated with water.
The total simulations were carried out in the NPT ensemble at constant temperature (300 K) and
pressure (1 bar), with a time step of 2fs. NVT were performed for 1ns, and the minimized structure was equilibrated with a timescale of 100ns 19, 20 . For the SrtA bound ligand complex, receptor and ligands were cleaned using GROMOS96 force field and then the topology files were generated for the receptor and ligands separately using PRODRG tool 21 . The simulation system was created manually by importing the ligand topology into the system pursued along with a dodecahedron box with a margin of 1 nm and the system was filled with water using the SPC explicit solvation model. The system was applied with energy minimization and the atomic velocities were adjusted according to Maxwell Boltzmann distribution at 300K with a periodic scaling of 0.1ps. A pre-simulation run of 20 ps was applied to relax the system and to remove the geometric restrains which eventually appeared at the initialization of the run 22 . All the simulations were carried out at constant pressure and temperature (NPT) ensemble. The
Berendsen coupling was employed to maintain a constant temperature of 300 K and constant semi-isotropic pressure of 1 bar with coupling time of 2.0 fs and the coordinates were saved. The simulation timescale for ligand bound form is 20ns and the RMSD analysis has been performed for understanding the stability of ligands. and only ligand treated as the quantum region. However, the protein ligand complex charge correctness occurs through the QPLD docking and it will enhance the accuracy of results 28 .
Molecular Docking Simulation
Conformation Based Activity Prediction
The Liaison program is an application for estimating the binding affinities between ligands and receptors, using a linear interaction approximation (LIA) model 29 
Results and Discussion
Determination of Pharmacophore and 3D-QSAR models
In this study, the experimental active 28 compounds of rhodanine, pyridazinone and pyrazolethione derivatives were used to predict theoretical activity of the test compounds, which are shown in Table 1 and their 2D structure of the scaffoldligand rearrangements are shown in Supplementary figure 1.The biological activity data were reported in the form of IC 50 values and those values were converted into pIC 50 using the formula (pIC 50 = -log IC 50 ) and the data set was divided randomly into 21 training set and 7 test set compounds in order to maintain the 3:1 ratio 25 .We ensured that the structurally different compounds were distributed uniformly with a wide range of pIC 50 value in both training and test set. Initial step is tend towards generating the pharmacophore model using a tree-based partition algorithm and two best common pharmacophore hypotheses AAAHR, and AAADR were selected for 3D-QSAR model building by applying the scoring function for five featured Pharmacophore hypotheses with default values. Training set compounds were aligned on these common pharmacophore hypotheses and are analyzed in PHASE with three PLS factors and the predictivity of each hypothesis was reevaluated by the test set compounds. A summary of the statistical data for the two common pharmacophore hypotheses AAAHR and AAADR was listed in Table 2 .
The statistical parameters R 2 , Q 2 , SD, RMSE and F were used to evaluate the good quality QSAR model. The two models show good and consistent R 2 greater than 0.82, SD values lesser than 0.4 and F-test values were moderate. This shows that these two models interpreting structure activity relationship for this series of training set compounds satisfactorily. According to Tropsha, high R 2 is a necessary but not sufficient condition for a QSAR model. Besides the consideration of high R 2 , the best QSAR model should be chosen based on its predictive ability.
The AAAHR shows good external predictive ability with Q 2 value 0.74 and this hypothesis has highest Q 2 value when compared with other pharmacophore hypotheses, which suggests that AAAHR hypothesis is the best model among the other generated models 32 . Additionally, the AAAHR pharmacophore hypothesis has a low RMSE value of the pharmacophore hypotheses, which also supports this hypothesis. Finally, AAAHR hypothesis were considered as the best model based on their R 2 , Q 2 , SD, and RMSE values. The Common pharmacophore modelalignment of active compounds was shown in figure S2 . The plots of actual versus predictedpIC 50 in X axis and Y axisin figure 1 for the training set and test set compounds.
However, angles and distances of pharmacophore hypothesis AAAHR are given in supplementary material Table S1 . Table S2 .
External Validations of AAAHR pharmacophore model
QSAR visualization
One of the major advantages of the PHASE 3D-QSAR technique is to get contour cubes Tables   Table 1. Structures and actual versus predicted pIC50 of compounds   Table 2 . Quantitative Structure Activity Relationship (QSAR) results for the two best Common Pharmacophore Hypotheses Table 3 . scoring parameters of active compounds in QSAR towards closed lid structure of SrtA 
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